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‘ ? A Green Precipitation Reaction

Teacher Background Information:

This lesson plan is intended to replace a lab where students determine the percent
composition of sulfate in alum by precipitation with excess barium nitrate. In this lab, students will
determine the percent composition of zinc acetate by precipitation of zinc carbonate, in addition to

other quantitative calculations.

Safety information:
Sodium carbonate is a skin irritant and should be handled with gloves. If any does come in

contact with skin wash with soap and water.

Educational Goal: Students will understand...
e How to quantitatively analyze a green precipitation reaction

e Vocabulary and math concepts for percent composition, limiting reactant, and percent yield.

Student Objectives: Students will...
e Understand data quantitatively and qualitatively.
e Use data to determine limiting reactant and percent yield.

e Practice lab safety.

Materials: (per lab group 2-3 students)
e 1.0 g of sodium carbonate
e 15 mL of 1M zinc acetate
e 25-mL graduated cylinder
e 50-mL beaker
e 50-mL Erlenmeyer flask
e funnel
e balance
e weigh paper

o filter paper
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Time required: Two 45-60 minute class periods (90 minutes)

National Standards Met: S2. All students should develop an understanding of structure of atoms;
structure and properties of matter; chemical reactions; motion and forces; conservation of energy

and increase in disorder; interactions of energy and matter.

Green Chemistry Principles Addressed:
Pollution Prevention = Less Hazardous Chemical Syntheses = Inherently Safer Chemicals for

Accident Prevention.

Prerequisites:
Students should have studied chemical reactions, writing equations, stoichiometry, and

solubility rules.

Teacher Prep: Teacher should prepare ...
e 15 mL of 1M zinc acetate (Zn(0.C CH3);) FW=183.48g/mol) per group.
Hint: For a class size of 20-30 (10 groups of 2-3 students), prepare 150 mL of a stock
solution of 1M zinc acetate using a volumetric flask (if available) or a graduated cylinder.
Weigh out 27.5 grams of zinc acetate and place in flask (or cylinder). Add water up to 150

mL mark. Swirl to dissolve and place in glass or plastic bottles for easy use in classroom.

Procedure:
e  Write the formula for zinc acetate (Zn(0.C CH3z)2) and sodium carbonate (Na;CO3) on the
board.
e Have students predict the products of the reaction and balance the equation in their lab
groups. Use solubility rules to determine which product is soluble and which is insoluble.

e Have student groups calculate: given 1.0 g of Na,COs3, what is the minimum volume of 1.0 M
Zn(C2H302), that you would need to react completely?
Hint. Have them first calculate the amount of grams needed to react completely, and then
convert the grams to mL based on using a 1M solution (calculations are below).

Calculations (Abbreviation Ac = acetate (0,CCH3):

1.0g Na;CO3x 1molNa;COz; x 1molZn(Ac); x 183.48g7n(Ac); =
105.99g Na,COs3 1 mol Na;COs3 1 mol Zn(Acz)>
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1.7 gZn(Ac)2 x 1molZn(Ac); x 1L x 1000mL =
183.48 gZn(Ac): 1 molZn(Ac): 1L

*Students are asked on their hand-out sheets to multiply this amount by 1.5 to ensure the
addition of an excess amount of the reagent and to ensure a complete reaction.

In groups, students should complete lab according to handout. Alternatively, teachers may

choose to have students design their own procedure and data table in order to make the lab

more inquiry-based.

For homework, students will compare the efficiency and toxicity of various double

displacement reactions.
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Student Lab Procedure, Data Collections and
Questions

@
»

Procedure:
1. Weigh out 1.0 g of sodium carbonate (Na;CO3) in to a 50 mL beaker. Record the actual

weight.

Mass of sodium carbonate (Na2CO3) :

2. Add 15 mL of water to the 50 mL beaker to dissolve the solid to make an aqueous solution
of sodium carbonate.
3. Calculate:
a. Given 1.0 g of sodium carbonate, how many grams of zinc acetate (Zn(0,CCH3z)>)

will be needed to complete the reaction?

b. Now that you know how many grams you will need, what is the minimum volume of

1.0M zinc acetate that you will need to react completely?

4. Multiply the calculated volume in 3.b. by 1.5.

Excess volume of 1.0 M zinc acetate (Zn(02CCH3)2) :

5. Measure and add calculated amount of 1.0 M zinc acetate solution to sodium carbonate
solution.

6. Record your observations.

Qualitative Data: Record your observations here.
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7. Write your names on a piece of filter paper and weigh the filter paper. Record weight on the
Quantitative Data table.

8. Filter your products to obtain the precipitate. Allow to dry over night.

9. The following day, weigh the precipitate on the filter paper. Record weight on the

Quantitative Data table.

Quantitative Data:
Object Mass (g)

Sodium carbonate sample

Filter paper

Filter paper + zinc carbonate

Zinc carbonate

Analysis:
1. Based on your results, calculate the percent composition of carbonate in sodium carbonate

(Show your work). How do your results compare to the known formula?

2. Identify the limiting reactant for the reaction.

3. Determine the percent yield of zinc carbonate for the reaction (Show your work).

4. Calculate the atom economy of zinc carbonate for this reaction.
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Extension questions:

1. Translate and predict the products for the following reactions

a. Sodium chloride and silver nitrate

b. calcium chloride and sodium carbonate

c. zinc acetate and sodium bicarbonate

2. Lookup the solubility’s of each product in the reactions above. Using these values, what
reaction do you predict will have the best percent yield (the most precipitate)?

3. Look up the NFPA ratings of the compounds involved in the reaction above. Based on your
findings and your predictions above, justify which reaction best follows the principles of
green chemistry.
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